Hydrogels based on peptide nanostructures are biological entities that can be applied in a wide range of applications, such as scaffolds for tissue engineering, drug delivery, and biosensors. The aim of this research was to study peptide hydrogels based on N-(9-fluorenylmethoxycarbonyl)-L,L-diphenylalanine (Fmoc-FF) in two different media: water and phosphate buffer. These hydrogels were used for encapsulating Leishmania infantun chagasi soluble proteins. The structure of the matrices was investigated in detail through scanning and transmission electron microscopy, and small angle X-ray scattering (SAXS). The mechanical behavior of the hydrogels were assessed through rheology assays, demonstrating both the physical and chemical stability of the hydrogel scaffolds. The immunogenicity of immobilized antigens was studied using enzyme-linked immunosorbent assay (ELISA) detection after the reaction with positive and negative dog sera for Leishmania infantum chagasi. The hydrogel was efficient to encapsulate antigens, and can promote the development of novel devices that requires the storage of biomolecules under moist environmental conditions. Keywords: peptide hydrogels, diphenylalanine, immunosensor, ELISA, Leishmaniasis
Introduction
The development of new biomaterials is a popular subject of research because devices and systems based on these assemblies exhibit strong potential for applications in diagnosis and therapeutics. [1] [2] [3] In particular, hydrogels are a class of materials that have a wide variety of biomedical applications, including biosensing, tissue engineering, regenerative medicine, and drug delivery. 4 Hydrogel-based structures are expected to have broad potential applications because they are dynamic and responsive systems that play an active role in detecting and delivering architectures and are able to respond to different external stimuli, thereby enabling possibilities for creating so-called smart materials. [5] [6] [7] Among the several possible research topics, the immobilization of biomolecules within hydrogel matrices is a field of intense research activity because the intrinsically hydrated structure of these materials can improve the stability of biomolecules, such as antigens, proteins, or enzymes. In addition, in some cases (depending of the application), hydrogel matrices allow the reuse of the relevant matrix in an environmentally friendly manner. 8 Therefore, these hydrogel matrices open up an exciting new class of biological immobilization materials under hydrated conditions that are designed to maximize the activity of most biological systems.
Among the compounds that self-assemble into ordered hydrogels, those based on short peptides have many interesting properties. [9] [10] [11] The self-assembly of peptides into hydrogels are usually the result of simple interaction factors, such as the presence of hydrophobic interactions, hydrogen bond donation and reception, and electrostatic interactions. The amino acid structures can overcome all those interactions, and based on design rules, they can be properly synthesized and structured to exhibit different chemical functionalities. 1, 12 The development of the peptide supramolecular structures started at the end of the 1990s with the study of the self-organization of amyloid disease fibers. [13] [14] [15] The self-assembly of the peptides was achieved because of the continual advances in the structural determination of proteins and protein-complexes at the molecular scale; such structural information was then used to design peptides that mimic proteins. and synthesizing the expected peptide, it is subsequently self-assembled in solution through specific interactions forming aggregates with specific secondary structures, similar to those of proteins. Furthermore, under specific conditions of concentration, temperature, pH, ionic strength, and others, the secondary structures self-assemble into unitary nanofibers; through intermolecular interactions between these unitary nanofibers, the elongation of the nanofibers occurs to form a hydrogel network, as shown in Figure 1 . 17 Each of these steps can be studied by a variety of spectroscopic, scattering, and microscopic techniques, contributing to the understanding of the formation of the hydrogel and the interactions that govern the self-assembly of peptides. 18 Because of the diversity of possible structures, many peptides have the relevant structural properties that are required to form stable hydrogels, such as the presence of hydrophobic moieties, charge complementarity, 17 disulfide bonds, or large aromatic groups, which enhance the gelification capabilities of peptides. 10, 19, 20 One approach to achieve such structures involves the introduction of an Fmoc group at the N-terminal side of the peptide chain. 21, 22 The Fmoc group is considered a key to the self-assembly peptides into a hydrogel structure, where the peptide chain plays a secondary role in the stabilization of the structure. The Fmoc group drives the stabilization of the structure through strong π-stacking interactions, which are essential to the formation of the hydrogel. 23 Among the short peptides, the dimer L,L-diphenylalanine (FF) is one of the most studied compounds because of its well-established ability to self-assemble into micronanotubes with hexagonal molecular packing that enables many physical chemical properties. 2, 24 Moreover, it has been demonstrated that the addition of the protecting 17 Vol. 28, No. 9, 2017 Fmoc group to the N-terminal of the peptide backbone enables the formation of transparent, microporous and very hard hydrogels matrices. 25 More recently, our group has focused on the study of the physical-chemical properties of FF and the development of novel applications of FF self-assembled materials in many areas, including mechanically reinforced nanocomposites, 26 photocatalyst matrices, 27, 28 biodegradable organic electronic materials, [29] [30] [31] and, principally, electrochemical sensing and biosensing matrices. [32] [33] [34] [35] [36] Fmoc-FF hydrogels offer many advantages for developing sensing devices, the principal one being that biomolecules are immobilized in a hydrated environment without losing its native structure or activity. 37, 38 Thus, using Fmoc-FF hydrogels as encapsulating agents represents an opportunity to design diagnostic sensors to recognize specific diseases with high sensitivity and selectivity. In the literature, the use of Fmoc-FF modified hydrogels for the optical sensing of glucose 39 and for the electrochemical sensing of hydrogen peroxide released from HeLa cells has already been proposed. 5 Herein, we demonstrate for the first time the use of an antigen responsive Fmoc-FF hydrogel sensor for neglected Leishmaniasis detection. Many diseases arise in tropical countries; one such disease is Leishmaniasis, which is a widespread zoonotic disease that represents a serious public health issue with various clinical manifestations. According to a disease-burden estimation, Leishmaniasis is the second-ranking cause of mortality and the fourthranking in morbidity among neglected tropical diseases. 40 As such, immunosensors have attracted great interest in recent years for monitoring biological and chemical agents in a variety of applications. [41] [42] [43] Fmoc-FF has been used to encapsulate and support cells, with a particular focus on biological activity. Herein, Fmoc-FF was designed as a hydrogel for use in the encapsulation of L. i. chagasi soluble proteins. Encapsulation provides enhanced stability of the antigens, enzymes and other biomolecules because the environmental conditions from the hydrogel persist for long periods, thereby favoring the longer lifetime of this biological system. Therefore, the objective of this work was to produce hydrogels able of encapsulating soluble antigens extracted from promastigotes of L. i. chagasi. In addition, it was studied by scanning electron microscopy (SEM), rheology, small-and wide-angle X-ray scattering, transmission electron microscopy (TEM). The antigenicity property of encapsulated proteins was evaluated using enzyme-linked immunosorbent assay (ELISA) through a reaction with specific antibodies from positive and negative dog sera for L. i. chagasi.
Experimental

Preparation of the hydrogels
To obtain the Fmoc-FF hydrogel, a similar procedure as that described previously, 44 but with different solvents, was followed. Hydrogels were prepared by the dissolution of 5 mg of N-(9-fluorenylmethoxycarbonyl)-L , L -dyphenylalanine (Fmoc-FF) in 50 µ L of 1,1,1,3,3,3-hexafluoro-2-propanol. After the total dissolution of the peptide in the organic solvent, an aqueous solution was added. Next, 950 µL of deionized water, PBS, and antigen solution in specific concentrations was added to obtain the pure hydrogel (HO), the hydrogels (HPBS), and the encapsulated antigens in the hydrogel matrix (HA), respectively. All the hydrogels had the same final concentration of peptide of 5 mg mL -1 .
Extraction of soluble antigens of Leishmania infantum chagasi
Leishmania infantum chagasi promastigotes were kept cryopreserved in the Pathogens Laboratory at Universidade Federal do ABC (UFABC). The strains were maintained frozen in liquid N 2 and then cultivated at 28 °C in liver infusion tryptose (LIT) medium (containing fetal bovine serum, antibiotics and 2% human male urine). Protein extract of L. i. chagasi promastigotes was produced using a similar procedure as that applied by Souto et al. 45 Promastigotes were harvested in LIT medium. The parasites were washed three times by centrifugation in PBS at pH 7.2 for 10 min. The disruption of the promastigote to release the antigens occurred in three cycles of 5 minutes each at a 40 W ultrasound treatment in an ice bath. The sonicated culture material was centrifuged at 37000 × g for 1 h and 30 min at 4 °C in an ultra-centrifuge. The supernatant was dialyzed in PBS for 24 h at 4 °C. The remaining material was filtered in sterile 0.22 µm filters under aseptic conditions. The concentration of soluble proteins was measured by the Bradford method.
The Bradford reagent was prepared following the procedure: Coomassie Brilliant Blue G-250 (100 mg) was dissolved in 50 mL of 95% ethanol. Next, 100 mL of 85% (m/v) phosphoric acid was added to this solution. 
Characterization techniques
Small-angle X-ray scattering (SAXS) SAXS data were collected using either the SAXS1 beamline at LNLS, Brazilian Synchrotron Light Laboratory (CNPEM, Campinas, Brazil), or a XEUSS-Xenocs machine at the Institute of Physics of the University of São Paulo (São Paulo, Brazil). At LNLS, we characterized antigen solutions that were loaded into liquid cell sample holders and sandwiched in-between mica windows. Data were obtained at a photon energy of 8 keV (λ = 0.154 nm), and data collection was performed using a Pilatus 300k detector, with a pixel size of 172 × 172 µm 2 . The sampleto-detector distance was 1.2 m, covering a q-range from 0.12 to 4.5 nm -1 . Twenty frames of 30 seconds each were recorded; if no radiation damage was noticed, then the frames were averaged, and the background was subtracted from the data. Hydrogel samples were loaded into 1.5-mm quartz capillaries and analyzed using the XEUSS-Xenocs instrument operating at photon energy of 8 keV. Detection was performed using a Pilatus 300k detector, and the sample-to-detector distance was set at 0.77 m, leading to a q-range from 0.11 to 4 nm -1
. Four frames of 30 minutes each were recorded and averaged before background subtraction. Data analyses were conducted using model fitting performed with form factor expressions available on the SASFit program. 46, 47 Transmission electron microscopy (TEM)
The morphology of the self-assembled hydrogel was further assessed by TEM, with the instrument operating at 100 keV. To prepare the samples, carbon-coated copper grids (No. 400) were glow discharged for 5 s. The loaded grids were stained with 4% (m/v) uranyl acetate for 60 s and then analyzed immediately using a transmission electron microscope, JEOL 2100 at LNNano, Brazilian Nanotechnology National Laboratory (CNPEM, Campinas, Brazil).
Scanning electron microscopy (SEM)
For SEM, the hydrogel samples were placed upon polished metal stubs covered with carbon tape and then dried at environmental conditions. Next, the samples were sputter-coated with Au for 60 seconds in 40 mA. The image acquisition was performed using a scanning electron microscope, FEI Quanta 650 FEG at LNNano, Brazilian Nanotechnology National Laboratory (CNPEM, Campinas, Brazil). The images were analyzed using the ImageJ program to measure fiber diameters and obtain the diameter histogram distribution.
Rheological studies
Continuous flow and viscoelastic properties of hydrogels were analyzed on a Kinexus rotation rheometer equipped with parallel plate geometry (35 mm diameter) and a sample gap of 0.010 mm at the temperature of 25 °C, in triplicate. Samples of the hydrogel were carefully applied to the lower plate, ensuring that sample shearing was minimized, and then allowed to equilibrate for 3 min prior to analysis.
Oscillatory analyses were started by the conduction of a stress sweep, to determine the viscoelastic region of the sample. The analysis was conducted at a constant shear stress of 1 Pa at frequencies in the range of 0.1 to 10 Hz, which was within the previously determined linear viscoelastic region for all samples, and the storage (G') and loss (G'') moduli were then recorded. The variation of the storage modulus (G') at low frequencies in a plot of G'' versus ω follows the power law equation 1, given by:
where G' is the storage modulus; S the gel strength; ω the oscillation frequency; and n is the viscoelastic exponent.
Immunogenicity test of proteins encapsulated in the hydrogels by ELISA To investigate the immunogenicity of the proteins immobilized or encapsulated by the peptide hydrogel antibodies was conducted via ELISA detection, as described below.
Hydrogels were used with the same quantity of approximately 50 µL in each Eppendorf. Six samples of hydrogels with the concentration of 0.344 µg mL -1 antigens (HA) and six samples of hydrogels without antigens (HO) were used. Three samples of HA and three other samples of HO hydrogels were incubated with the quantity of 50 µL of negative serum with the concentrations of 1:1, 1:10, and 1:40 (v/v) of serum/PBS; the hydrogels that received this specific concentrations of serum were denoted HO1, HO2, and HO3, respectively. Another three samples of HA hydrogels and HO hydrogels were incubated with positive serum in the same concentrations (1:1, 1:10, and 1:40) and were identified as HA1, HA2 and HA3, respectively. These serum solutions were prepared using phosphate buffer solution at pH 7.4. All the samples were kept in contact overnight.
Next, all the 12 samples were washed 5 times with PBS and then subjected to centrifugation to separate and remove the PBS present. Subsequently, all the samples received the rabbit anti-dog IgG for 2 hours and then washed 5 times with PBS. The samples then received the mouse anti-rabbit IgG linked to phosphatase alkaline overnight and then washed 5 times with PBS. Antibody reaction was determined by absorbance intensity at 405 nm in UV-Vis Varian 50Bio after addition of a substrate for alkaline phosphatase, PNPP (kit from Invitrogen). Figure 2 shows a scheme with the steps of the immunosensing assay.
Results and Discussion
The peptide Fmoc-FF is characterized by the existence of an aromatic ring in its side chain that allows the establishment of large π-stacking interactions during the aggregation process. In addition, Fmoc-FF has strong hydrophobic character that facilitates self-organization in aqueous media, being capable of self-assembly into β-sheet-based hydrogels. 48 The hydrogels from Fmoc-FF are composed of nanofibers, as observed in SEM images (Figure 3) . Figures 3a and 3b show the hydrogel obtained with deionized water; a homogenous morphology of nanofibers with diameter of approximately 15 ± 5 nm is observed. Adding antigens in the hydrogel, as shown in Figures 3c and 3d , the structure is quite similar with diameter of approximately 34 ± 3 nm; based on SEM imaging, it was not possible to observe large differences. Moreover, in Figures 3e and 3f , the SEM images from hydrogel formed in PBS reveal that the material has a completely different morphology, where it appears as a long and well-structured nano-microfiber, with outer diameters of approximately 445 ± 130 nm. Adding the antigens in the hydrogel, Figures 3g and 3h , the nano-microfibers presented the average diameter of 500 ± 28 nm and the antigens are clearly observed on the structure and appear as an agglomerate of materials above the nano-microfibers; thus, the presence of the antigen in the matrix is confirmed.
Comparing both materials, when the hydrogel is structured in water, it appears with the usual fibrillated transparent hydrogel structure; in addition, in this case, the hydrogel is highly porous and can host different chemical species, such as the antigens of the studied case. However, when the hydrogel is structured in phosphate buffer solution, a transition from the transparent gel to the turbid gel occurs, which can be associated to morphological rearrangement of the fibers from randomly orientated fibrous network to large microstructures. This result corroborates with the rheology experiments, which will be discussed below, where the large storage modulus (G') values measured for the hydrogel structured in water is higher as compared with the hydrogel prepared in PBS. The use of phosphate buffer to self-assemble the peptide hydrogel is due to the expected application of the buffer in biological medium, such as in the canine serum attempted here and later with blood samples. Therefore, PBS has the property of acting as simulated body fluid, where PBS controls the pH; moreover, changes in the pH could lead to the disassembly of the peptide structure. 49 Recently, the kinetics and thermodynamic factors that lead the peptides to self-assembly in hydrogels or organized nano-microcrystals were discussed. 50, 51 Moreover, the presence of species that changes the interaction of the peptides with the solvent, such as, the ionic strength or the presence of salts, were found to induce the formation of one of the structures. Here, the following likely occurs: the buffer ionic strength induced the crystallization of the peptide in well-ordered fibers, suggesting that the transition observed in the gel must be due to a purely morphological rearrangement of the fibers and not a chemical change on the molecular scale, as shown in Figure 3 . The infrared spectroscopy and X-ray diffraction (XRD) analysis of the turbid and transparent gels did not show change in packing on the molecular level (data not shown). These results are similar to the case of its non-protected counterpart, FF, which goes through a gel to crystal-gel transition, exchanging the solvent from toluene to ethanol due to lower solubility of FF in ethanol solutions. 52 Another interesting result is that in the hydrogel, the antigen is distributed throughout the peptide matrix, which is the desired result, whereas when in gel-crystal, it becomes a second phase of the material, not mixed with the structure.
This fiber morphology obtained in hydrogels functions as a scaffold for any biomolecule; in the case of antigens, such a scaffold is required because it can anchor the antigens in the entire matrix, allowing them to remain in a moist medium. Another important variable that will influence the application of the hydrogels is their mechanical properties; thus, the rheological behaviors were studied, with the results shown in Figure 4 .
The results of the rheology revealed that all the studied materials presented the viscoelastic behavior of hydrogel. Note that, in all samples, the elastic component prevailed over the viscous one, evidencing the elastic solid behavior of the samples. G' (storage modulus) represents the elastic response component, and G'' indicates the viscous response component (loss modulus) of the materials. G' measures the deformation energy stored during the shear process of a test material (i.e., the stiffness of the material), and G' represents the energy dissipated during shear (i.e., the flow or liquid-like response of the material). 53 The elastic behavior of hydrogels were found to be sensible to the hydrogel structure and the influence of the solutions used, water or PBS, because the highest values of G' were presented by samples from hydrogel in water (HO), indicating that when changing the medium, more entanglements and more interactions occurred. According to the literature, the enhanced hydrogen bonding into the self-assembled peptide strengthen the stability of hydrogels. 54 The Table 1 presents the coefficients obtained with equation 1 adjusted for the G' results of each hydrogel. The values of n and S allow for a quantitative estimation of the hydrogel's strength, whereas for much higher S and G' with a lower ω, a higher strength is exhibited by the hydrogel, indicative of the increase of entanglements resulting from the solvent used. Even visually, at the macroscopic scale, it was possible to note different features in both structures because two phases are observed when the peptide was structured with PBS, whereas when structured with water, it was in a homogenous phase.
As known, hydrogels from Fmoc-FF are being studied for application in differentiation of stem cells [55] [56] [57] [58] as well as in the proliferation of chondrocytes; 21 in this sense, the matrix stiffness is quite important. 59, 60 In this direction, as discussed before, the hydrogel structure with water had higher mechanical strength; as a result, it was decided to study the hydrogel using water for the other experiments and mainly for the ELISA detection that uses canine serum because there are some difficulties related to obtaining this biological material extracted from live dogs.
The inner structure of our hydrogel matrices was probed using small-angle X-ray scattering (SAXS). SAXS is a powerful tool for in situ investigations at the nanoscale that enables unveiling of the structure of antigen-containing architectures under native conditions. In contrast to ex situ microscopy methods, which require drying procedure for preparing the samples, SAXS provides structural information in a hydrated environment, thus preserving the conformational states of the peptide/antigen matrices. We first assessed the behavior of antigens in aqueous solutions without the presence of Fmoc-FF in the medium. The main goal of these assays was to determine the average shape and sizes of the antigen on its own.
Small-angle X-rays scattering (SAXS) was performed to scrutinize the inner structure of the hydrogel matrices formulated above using water as a solvent. SAXS is a powerful tool for in situ investigations at the nanoscale that enables unveiling the structure of hydrogel-based architectures under native conditions. [61] [62] [63] [64] In contrast to ex situ microscopy methods, which require drying procedures for preparing the samples, SAXS provides structural information within a hydrated environment, preserving the conformation of the peptide networks. 64 The q-range accessed in our experiments corresponds to direct-space lengths ranging from ca. 2 nm to ca. 50 nm; therefore, the SAXS data obtained here are related to the internal structure of the network revealed by SEM imaging (e.g., Figure 3d ). Figure 5a shows SAXS plots from samples formulated with either pristine Fmoc-FF hydrogels or containing Leishmania infantum chagasi antigens at concentrations of 0.38 and 0.55 µg mL -1 . The SASFit program 65 was used to fit the data and extract quantitative information. The scattered intensities were fitted according to a singlecomponent form factor corresponding to the Porod's approximation for long cylinders; 46 this approximation has been previously used for describing enzyme-derived hydrogels. 66 A Gaussian contribution has been convoluted to the model to account for radii polydispersity, as described elsewhere. 18 In this way, the structural parameters arising from the modeling were the average radius R of cylinders and the corresponding polydispersity, ΔR, represented here by the standard deviation of the Gaussian distribution. The best fitting values emerging from this procedure reveal that the internal structure of the hydrogel networks is composed of highly polydisperse fibrillar sub-units with radii of only a few nanometers. The average radius arising from our fits performed in Fmoc-FF hydrogels was R = 3.2 ± 2.7 nm. For antigen-containing formulations, the average radii were found at R = 3.6 ± 2.3 nm and R = 4.0 ± 2.9 nm for antigen concentrations of 0.38 and 0.55 µg mL -1 , respectively. These values reveal that the sub-units of hydrogel networks are likely not affected upon the inclusion of antigens in the scaffold, representing an advantage because the main properties regarding structure and stability are preserved.
To obtain a greater direct-space visualization of the hydrogel networks, we performed transmission electron microscopy assays. In Figure 5b , a typical image is displayed together with magnifications from selected zones, where it is possible to observe the presence of fibrillar sub-units. The diameters of these structures are found to be between ca. 7 nm and ca. 14 nm, consistent with the SAXS information derived above. In addition, coalescence between neighbor units during sample preparation for microscopy assays likely contributes to the presence of larger fibers observed in TEM images.
The sub-nanometer structure of the hydrogel matrices was probed using wide-angle X-ray scattering. Figure 5c shows a typical pattern arising from these assays, revealing the presence of a diffuse ring at q ca. 20 nm -1 accompanied by a shallow shoulder at q ca. 28 nm -1 . These bands are related to the intermolecular correlations of water and are ascribed to a nearest-neighbor separation of d ca. 0.31 nm separation between oxygens in H-bonded water molecules, in close agreement with the characteristic patterns of bulk water. 67 The presence of antigens in the hydrogel does not introduce noticeable changes at wide-angle region (data not shown). These findings not only confirm that Fmoc-FF matrices are mostly composed of water but also suggest large extents of fluid forming continuous zones in the interstice of the scaffold maintaining the same behavior of bulk water. This characteristic appears to be attractive because biomolecules dispersed into the liquid phase are prone to retain the properties exhibited in the bulk, that is, without interference from the host phase.
The efficient encapsulation of antigens by the hydrogels is a required feature to design a responsive hydrogel. The evaluation of the reaction between Leishmania antigens and antibodies was performed using the indirect enzymelinked immunosorbent assay (ELISA), which is extensively used in diagnostic laboratories or clinical testing. 68 This technique is the preferred method to determine purified antibodies and can also be successfully employed for the qualitative and quantitative assessment of an antigen in a sample. 68, 69 After the completion of the procedures detailed in the methods section, the results are shown in Figure 6 . Therefore, the hydrogels containing antigens (HA1, HA2, and HA3) were found to exhibit some absorbance, even when reacted with the negative serum, with the absorbance intensity proportional to the serum concentration (0.20, 0.14, and 0.08 a.u., respectively). These results indicate that there are some interactions between the compounds in blood fluid with the hydrogel containing antigens, probably soluble proteins or others antibodies, via intermolecular interactions. Because the hydrogel and the antigens are rich in functional groups that can accept or donate hydrogen bonds, it can easily adsorb compounds from the serum. This finding indicates that it is possible that the hydrogels without antigens (HO) also exhibit absorbance for the negative serum directly proportional to their concentration (0.15; 0.08; 0.05), showing that the hydrogel adsorbs compounds from that serum.
Moreover, it was shown that hydrogels can encapsulate the antigens and that they are sensitive to the presence of contaminated serum; however, more studies should be performed because there is no apparent selectivity with the antigen extraction procedure employed. It is known from the literature that it is difficult to separate the specific Leishmania genes; this difficulty is the motivation for many research studies of disease control, development of vaccines and others. [69] [70] [71] The incorporation of biomolecules in the hydrogel structures can expand their properties and consequently favor new applications that require an interface with biological systems. 72 The moist environment present in all hydrogel material provides the adequate conditions to store biomolecules for long periods, thereby avoiding their degradations or denaturation. For example, enzymes, cells, some proteins and other biological entities require such environmental features. In this proof-of-concept work, it was shown that peptide hydrogel architecture provides a rational design for responsive peptide-based hydrogels. 72, 73 Some biosensors built with hydrogel systems have been studied, for example, the biochips for somatic mutation in genes detection, 74 microfluidic devices sensitive to metalloproteinases that regulates the composition of an extracellular matrix and are correlated to some vascular disease, cancer progression, and bone disorders. 41 In this sense, the opportunity of using hydrogels for antigens encapsulation can motivate the design of novel devices for disease diagnosis.
Conclusions
The system proposed of hydrogel based on Fmoc-FF was found to be adequate for the encapsulation of Leishmania antigens acting as scaffold for the soluble anchor. This hydrogel structure has the appropriate stiffness, as demonstrated with the rheology and microscopy results, and the SAXS results showed that the antigens did not modify the original structure of the nanofibers considerably. Furthermore, these materials are based on inexpensive starting materials, providing high responsiveness because they were able to detect the presence of antibodies in the positive serum. Although more studies should be performed in this area, this work represents a breakthrough in this application because, for the first time, the matrix of Fmoc-FF has been explored for use in the encapsulation of soluble proteins for the detection of negligible disease. In this case, we noted that this projected system using hydrogel allowed the stabilization of the antigens, thereby preserving their original features because of the moist environment provided by the hydrogel that was prepared in an aqueous solution. The opportunity of encapsulating antigens in peptide hydrogels can open up the appearance of new biosensing devices because they can store and preserve biomolecules for longer periods, thereby favoring the development of an instrument that is faster and easier to handle in the near future.
